ABSTRACT: A recent forest fire in the Republic of Serbia is discussed concerning classification, legislative framework and fire management, giving a detailed analysis of the forest fire occurrence. Analysing past and predicting future fires are crucial for policy development and forest management practices to prevent and mitigate fires. Fire hazard is discussed through several fire protection and prevention legislative documents. The nonparametric Mann-Kendall test was used to analyse resent forest fire data in an attempt to find causality in occurrences and frequency. The meteorological data and fire statistics provided by the Serbian Hydro-meteorological Service and the Ministry of Interior/Sector for Emergency Management of the Republic of Serbia were used to calculate the Forest Fire Weather Indices, along with deficit or surplus of precipitation for the case study of Tara Mountain. The paper highlights the need for better hierarchical classification of fire hazards and its harmonisation along with standardisations presented by leading international research institutions. A significant correlation between meteorological parameters and forest fire occurrence was found. This opens a possibility for further investigation and analysis of geophysical and anthropogenic driven factors that can influence disaster occurrence.
Introduction
While natural hazards present threat to humans and their environment, they do not necessarily result from natural and environmental processes and causes alone. Processes of interaction between natural and anthropogenic systems also bring about hazards. Improved understanding of these interactions alters our comprehension of natural hazards, shifting it from an area of pure natural phenomena to the domain of social and psychological occurrence (Lukić et al. 2013) .
In the era of pronounced climate variability, understanding past and predicting future fire activity are scientific challenges crucial to the development and implementation of sustainable forest management practices and policies. However, such objectives are difficult to achieve in practice because existing meteorological data and general fire statistics are only available for a short period of time. Accordingly, uncertainties concerning future fire activity limit the range of variability and occurrence patterns that can be determined (Girardin et al. 2013) .
Forests occupy an area of nearly 4 billion hectares, covering about 30% of Earth's land surface. Worldwide, more than 50,000 forest fires occur annually (Aleksić, Krstić and Jančić 2009 ), on average destroying more than 40 million hectares of forestry, claiming human casualties, and resulting in wildlife losses and displacement on approximately 400,000 km 2 (Internet 1). Fire and heat not only destroy trees and plants, but change the forestry structure, forest biology and soil performance (Zhong, Fan and Wang 2000) .
Different authors give different definitions of forest fires classification, while diverse legislations also classify it in their own terms (Subošić and Mlađan 2013) . Harmonising the definition of forest fire hazards as an integral part of a wider natural hazard topic, would contribute to an improved understanding thereof, and hopefully lead to a more effective classification, identification, prediction, and mitigation.
The National fire protection association (NFPA) categorises fires by classes: A, B, C, D, K. According to this classification, forest fires belong to class A. In terms of hazard, NFPA classifies fire-prone areas as light (low), ordinary (moderate) or extra (high) hazardous (Internet 2).
Alexander (2008) proposed a rating methodology for fire hazard in forests and rural areas, to be used in fire management. The fire hazard class is derived from the Fire Weather Index (FWI) System as low; moderate; high; very high and extreme.
The Centre for research on the epidemiology of disasters (CRED) and Munich reinsurance company (Munich RE) with their respectable International databases -EM-DAT and NatCatSERVICE -treat forest fires as »wildfire« hazards (main-type) within the generic climatological hazard group (Below, Wirtz and Guha-Sapir 2009) . Markov, Jovičić and Ristić (2010) base their classification on the type of material burned, whereby forest fires are classified as underground and ground fires (burning roots, humus and peat); above-ground or low fires (burning the upper layer of organic forest litter and shrubs); treetop or high fires and a single tree fire.
Forest fires in Serbia between legislation and application frameworks
The forestry area in Serbia decreased from over 2,000,000 ha in 2001 to 1,962,335 ha in 2012, now covering 22.2% of the country's territory. State owned forests extend to over 927,773 ha and privately owned ones to 1,034,562 ha (Statistical yearbook … 2012).
Several fire protection and prevention documents address fire hazards. These acts cover systems of prevention, mitigation, protection, rescue and rehabilitation:
The Fire Protection and Prevention Act treats the fire hazard mainly as a physical phenomenon: »A process of uncontrolled combustion that can threaten human health and lives, or cause other damages on a larger scale endangering material goods and environment« (Zakon … 2009). There is no clear distinction between a forest fire hazard and a general fire hazard. This classification differs from the contemporary classification of natural hazards proposed by highly regarded institutions such as CRED or Munich RE (Table 1) .
The Law on Emergencies of the Republic of Serbia defines a natural hazard as: »Phenomena of hydro-meteorological, geological or biological origin, caused by natural forces like: earthquakes, flooding, flash floods, heavy rains, lightning, hail, drought, rock falls and landslides, snowdrift and avalanches, extreme air temperatures, ice formation on water courses, epidemics of contagious diseases, epidemics of cattle-related contagious diseases, and occurrence of pests and other natural phenomena on a large scale that can threaten human health and lives, or cause other damages on a larger scale« (Zakon … 2009). The above mentioned classification of natural hazards doesn't deal with wild fire nor forest or land fires, again in contrast with the practices of CRED and Munich RE.
The National Strategy of Protection and Rescue in Emergencies of the Republic of Serbia (Nacionalna…2011) proposes a more detailed hierarchical classification of natural hazards, provides general data, including frequencies, and proposes monitoring and mitigation measures. An integral part of this Strategy is the document »Study on Economic Benefits of RHMS (Republic hydrometeorological service of Serbia)« (Dimitrijević 2005) in which the authors observe that forest fires were not taken into account in the analysis of the vulnerability of weather-dependent economic sectors.
A clearer and a more uniform hazard classification in Serbia, aligned with international classifications (e.g. CRED and Munich RE), are prerequisites for improved standardisation, both legislative and applicative (Lukić et al. 2013 ).
Forest fire trend analysis -general observation
Two statistical tests, both widely used in environmental sciences (e.g. Hrnjak et al. 2014) (Kendall 1938; Mann 1945; Gilbert 1987) .
For the trend data processing, XLSTAT's statistical analysis software was employed (Internet 3). Furthermore, two hypotheses were tested:
• the null hypothesis: that there is no trend; • the alternative hypothesis: that there is a trend for a given significance level. Probability was calculated to determine the level of confidence. By calculating trends from the total number of fire hazards and forest fires, two equations were obtained:
where y is either the total number of fires (in equation (1) 1 ), or the number of forest fires only in equation (2) 1 , x is time in years, p is probability and significance level α = 0.05 is the same in both cases. Figure 1 illustrates equation (1) 1 and shows a positive trend. As the value (1) 2 is lower than the significance level α = 0.05 the null hypothesis does not seem valid. The risk to reject the null hypothesis as true is less than 0.54%. Conversely, there is a 99.46% confidence in a positive trend concerning total number of fires in Serbia.
This analysis is not entirely conclusive. Figure 1 shows the total number of fire hazards, irrespective of the cause, ranging from explosions to technical traffic interventions. It is difficult to determine if this positive linear trend was a result of improved reporting of fire occurrences, or of a genuine increase in their frequency. More extensive future research will be needed to clarify this. Figure 2 , produced from equation (2) 1, shows a positive trend in number of forest fires. However, as the value (2) 2 is greater than the significance level (α = 0.05), one cannot reject the null hypothesis here. Hypothesis testing will prove whether this statement is true or not. The risk to reject the null hypothesis as true is 36.15%. Although the number of forest fires increased noticeably, evaluation of the Mann-Kendall test estimates that there is no trend in the number of forest fires in Serbia with probability of 63.85%. Acta geographica Slovenica, 57-1, 2017 55 According to Unkašević and Tošić (2011; , the last few decades in Europe is characterised by the steepest temperature increase since the beginning of the twentieth century. Extreme events related to intensive heating significantly affects natural hazards, socio-economic and health activities in Europe, as shown by the exceptional summer heat wave in 2003 (Schär et al. 2004; Trigo et al. 2005) . During the summer of 2007, heat waves registered in the Balkan region (Founda and Giannakopoulos 2009) (Unkašević and Tošić 2011), were primarily responsible for the largest fire-damaged area -the number of forest fires reached 1,600 (Figure 2 ). The year 2012 saw the longest heat waves during summer and the worst drought since the beginning of observations in Serbia, more than 1,000 forest fires occurred during that time (Figure 2) . Data provided by the Ministry of interior, Sector for emergency management of the Republic of Serbia illustrates and corresponds to the findings of respectable authors mentioned above (Figures 1 and 2) .
Authors recognise that factors other than geophysical (e.g. anthropogenic) must be taken into account when analysing the forest fires trends. The 2012 Tara Mountain case study shows that the frequency of forest fires, strongly influenced by climatic conditions, was above Serbian average.
Forest fires in the Republic of Serbia 2012 -Tara Mountain Case Study
The number of forest fires in Serbia increased to 1,028 in 2012, as registered by the Ministry of interior, Sector for emergency management of the Republic of Serbia. Their distribution is shown in Figure 3 .
Quality data sets are available for the Tara mountain fires. Tara mountain is located in western Serbia with elevations between 1000 and 1500 meters. It forms a part of Serbian natural heritage and the forestry is highly sensitive to wild fires. The period from 23 August to 5 September 2012 was characterised by particularly high frequency of forest fire occurrences. Wildfires have burned 2,150 ha of mountain area, while the estimated damage costs reached up to 170,000 Euros.
Risk indices
A simple index for fire assessment is the Swedish Angstrom index (Willis et al. 2001 ). The index is based on the statistical relationships between the reported number of fire events and several antecedent-weather-related data. A weather-based index can only predict an area-averaged risk of fire, because the only input is obtained from the point measurements at a weather station (Onderka and Melicherčík 2009) .
The Angstrom index is calculated from air temperature and relative humidity and provides an indication of the likely number of fires in a given day. The index, I, is calculated as follows (Skvarenina et al. 2003) :
where R is daily average relative humidity (%), and t is daily average air temperature (°C). As can be seen from the equation (3), I decreases with the relative humidity and increases with the air temperature. A reduced index indicates a higher risk of fire. The use of the index for risk categorisation is shown in table 2.
In 1949, Nesterov (Shetinsky 1994 ) proposed a fire-risk rating index. This index establishes a range of discrete fire risk levels. The Nesterov Index is calculated as: (4) where, NI denotes the Nesterov index, w is the number of days since the last rainfall exceeding 3 mm per day, T i is the temperature (°C) on a given day, T i dew is the dew point temperature (°C). The intrinsic characteristic of the Nesterov index is that it is reset to »zero« when daily rainfall exceeds 3 mm per day (Shetinsky 1994) . The original risk levels proposed by Nesterov are shown in Table 2 . Table 2 : The values of Angstrom index (I) and Nesterov index (NI) translated into fire risk probability of fire (Skvarenina et al. 2003; Shetinsky 1994 According to the Angstrom index, the risk of fire was very high (values of the index lower than 2.0) for the period from 23 to 25 August, and on 31 August. The values of index ranging between 2 and 2.5 were registered on 26 August, 30 August and 1 September, and between 2.5 and 3.0 on 29 August, 2 and 4 September. On other dates, values of I were above 3. The Nesterov index (NI) calculates only two risk levels for the period: »low risk« from 23 to 26 August and between 30 August and 1 September, and »no risk« in the periods from 27 to 29 August and 2 to 5 September. Figure 4 shows the daily fluctuation of the Angstrom (I) and Nesterov (NI) indices during the observed period, as well as correlation between the two indices. The Pearson correlation coefficient is -0.97. This shows that there is a correlation between the two indices, which could be expected considering that the same meteorological parameters are used in their calculation. The values of both indices are normalised; they range between 0 and 1 (the values of the Nesterov index are shown in a reversed order).
The values of the Angstrom and Nesterov indices can be correlated with the maximum temperature and relative humidity. The weather factors that could have an influence on forest fire indices are depicted in Figure 5 . The Angstrom index presented the highest correlation of 0.98 with relative humidity. In addition, the correlation coefficient showed a highly negative correlation of -0.93 between maximum temperature and Angstrom fire index. This suggests that the values of Angstrom index (I) will decrease with increased temperature and reduced relative humidity, in which cases fire occurrence would increase.
The results for the Nesterov index are similar. A high negative correlation between the Nesterov index (NI) and relative humidity is recorded (-0.93), while coefficient of correlation with maximum temperature shows a highly positive correlation (0.94).
Precipitation
Precipitation is another factor that affects fire risk. The percent of normal precipitation is a simple measure of rainfall in a location. Radinović (1979) proposed a method for calculating the deficit and surplus of precipitation (DSP) as a continuous function of time. The daily deficit and surplus of precipitation can be expressed by the equation:
where T d is daily deficit or surplus transferred from the previous month (mm), P d is observed daily amount of precipitation (mm), -P d is the expected quantity of daily precipitation (mm), i-1, 2 … and n is representing days in a month (Ćurić and Živanović 2013) .
The mean daily precipitation amounts ( -P d ) i (i = 1, 2, … , 365) were calculated by interpolation from the monthly mean precipitation amounts in the period of thirty years, between 1977 and 2006. These values are considered as the normally expected daily precipitation amounts (Table 3) . A deficit of precipitation occurred through the entire analysed period ( Figure 5 ). According to the definition, drought is a period of five or more successive days without or ≤0.3mm precipitation (Bordy etal. 2004 ). The remainder periods are non-drought periods. Droughts can occur in both »deficit« and »surplus« precipitation periods. The likelihood of forest fire is greater during periods of low precipitation, but it is usually affected by other factors such as the presence of an ignition source.
Conclusion
Forest fires are considered in several legislative documents of Republic of Serbia. However, the authors maintain that a hierarchical classification of fire hazards with their sub-types, as suggested by CRED and Munich RE, should be added to the legislative and other documents regulating the area of natural hazards. This would strengthen the legislative function and other frameworks used for risk management, and improve prevention and mitigation of forest fires.
Fire risk rating indices, based on empirical relationships between pre-event meteorological conditions and the number of observed fire outbreaks, can be a useful tool towards understanding forest fire hazards. The Angstrom index and Nesterov index were used to forecast the risk of fire occurrence in this study. These are perceived as tools that can assist forest managers to take preventive measures. The use of the indices, as a fire occurrence likelihood measure, was illustrated here in forest fire case study in the Tara region of Serbia. The results from this study can be used for creation of the platform for fire management operational framework that can be used as a tool for decision making prevention, detection and monitoring of forest fire hazards at both the local and national levels in the Republic of Serbia. Such a programme would be in line with the forest fire risk assessment and management practices that are currently being developed internationally. 
